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OBJECT 

To  determine  the  effect  of  fuel  and 
oxidant  particle  size  on  the  performance 
characteristics  of  60/40  potassium 
perchlorate/aluminum  flash  composition. 

SUMMARY 

Sub-sieve  potassium  perchlorate  and 
atomized  aluminum  powders,  commercially 
classified  into  fine,  medium  and  coarse 
fractions,  were  blended  in  60/40  potassium 
perchlorate/ aluminum  compositions, 
loaded  into  plastic  Titan  cartridge  cases, 
and  tested  for  luminosity  characteristics 
at  sea  level  and  a  simulated  altitude 
of  80,000  feet. 

Those  systems  containing  fine  (0-12 
micron),  medium  (0-23  micron),  and 
coarse  (6-85  micron)  potassium  perchlorate 
together  with  fine  aluminum  (0-17  micron) 
were  the  only  systems  which  emitted 
enough  light  for  pyrotechnic  applications. 
Maintaining  the  aluminum  particle  size 
constant  (fine  fraction)  and  decreasing 
the  oxidant  particle  size  increased  ef¬ 
ficiency  (candleseconds/gram)  at  both 
sea  level  and  80,000  feet.  In  general, 
the  peak  and  integral  light  varied  simi¬ 
larly  at  high  altitude.  At  sea  level,  how¬ 
ever,  the  composition  with  the  coarse 
oxidant  fraction  produced  the  highest 
peak  and  integral  light.  This  finding  was 
attributed  to  the  greater  tapped  density 
of  the  coarse  oxidant  fraction,  resulting 
in  substantially  greater  sample  weight 
in  the  Titan  cartridge. 


It  was  concluded  that,  independent 
of  potassium  perchlorate  size  range,  use 
of  medium  (8.4-40  micron)  or  coarse  (24- 
62  micron)  aluminum  degrades  the  light 
output  to  below  useable  levels.  For  the 
particle  size  ranges  considered,  use  of 
a  fine  aluminum  fraction  is  necessary 
for  high  order  performance. 


INTRODUCTION 

It  has  long  been  known  that  average 
particle  size  and  particle  size  range  of 
ingredients  are  important  parameters  in 
determining  the  luminosity  characteristics 
of  pyrotechnic  flash  compositions.  Un¬ 
fortunately,  since  the  fuels  and  oxidants 
normally  used  in  such  compositions  are 
essentially  in  the  sub-sieve  range,  and  < 
since  until  quite  recently  no  adequate 
methods  were  available  for  classifying 
these  materials  into  narrow  particle  size 
ranges,  no  definitive  study  of  these 
parameters  was  possible. 

Among  the  methods  evaluated  for 
separating  sub-s'ieve  aluminum  and 
potassium  perchlorate  into  narrow  particle 
size  ranges  were  the  Haultain  Infrasizer 
(Ref  I),  the  Bahco  Centrifugal  Elutiiator', 
the  Majac  Model  L  Air  Classifier’  and  the 

Ml.  %.  Dieted  Co.,  Detroit,  Michigan. 

*Mnjac,  Inc,  Sharpsburg,  Pittsburgh,  Pennsyl¬ 
vania. 
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Buckbee  Meats  Micromesh  Sieves'.  Whi'e 
a  detailed  description  of  these  trial 
classifications  is  beyond  the  scope  of 
this  report,  it  can  be  generally  stated 
that  although  considerable  enrichment 
of  fractions  could  be  obtained  utilizing 
several  of  the  above  techniques,  the 
isolation  of  "clean-cut”  fractions  show¬ 
ing  little  or  no  particle-  size  overlap  was 
not  found  to  be  possible  within  the  sub¬ 
sieve  range. 

The  final  and  most  successful  clas¬ 
sification  technique  employed  involved 
the  use  of  the  Alpine  American  Mikroplex 
Spiral  Air  Classifier1.  This  instrument 
separates  a  powder  of  mixed  parttc.e 
size  into  two  fractions  above  and  below 
a  determined  particle  size.  The  separa¬ 
tion  is  effected  in  a  flat,  cylindrical 
classifying  chamber  through  which  air 
flows  inward  in  a  spiral  path.  Any  particle 
carried  by  this  air  stream  has  a  centri¬ 
fugal  and  a  friction  drag  force  imposed 
upon  it  that  essentially  act  in  opposite 
directions.  Thus,  for  particles  of  greater 
mass,  the  predominant  force  is  centrifugal 
and  the  particles  tend  to  move  tangentially 
away  from  the  air  stream.  For  particles 
at  small  mass,  the  friction  drag  force 
predominates,  causing  a  radial  move¬ 
ment  toward  the  center  of  the  classifying 
chamber  and  the  fine  particle  outlet 
located  theie.  Changes  in  the  magnitude 
of  the  forces  applied  to  the  particles  en¬ 
trained  in  the  air  stream  are  made  by 
varying  the  spiral  curvature  through  a 

'Buckbte  Mews  Co.,  S«.  P«ul,  Minnesota. 

’Alpine  American  Coip*,  Saionrille,  Massa¬ 
chusetts. 


vane  assembly,  thus  changing  the  particle 
size  range  at  which  separation  occur s. 

The  system  chosen  for  particle  size 
evaluation  was  a  60/ 40  potassium 
perchlorate/aluminum  composition,  in 
common  use  in  many  pyrotechnic  flash 
items.  The  aluminum  used  was  spherical 
atomized  material,  prepared  and  classified 
by  the  Valley  Metallurgical  Processing 
Company,  Inc.,  Essex,  Connecticut,  using 
the  Alpine  American  Mikroplex  Spiral  Air 
Classifier.  The  potassium  perchlorate 
used  was  specification  grade  (PA-PD- 
254)  material  which  was  classified  by 
the  Alpine  American  Corporation  using 
the  above  equipment. 

Luminosity  tests  were  conducted  at 
sea  level  and  at  a  simulated  altitude  of 
80,000  feet.  The  test  vehicle  employed 
was  a  Titan  flash  cartridge  fabricated  of 
cotton-flock-filled,  nitrile-rubber- 
modified  phenolic  resin  (GE  12808)  (Fig 
6,  p  22). 

The  particle  size'characteristics  of 
the  fine,  medium,  and  coarse  aluminum 
and  potassium  perchlorate  fractions  used 
were  determined  (Table  1,  p  8)  by  an 
air  permeability  method,  the  Fisher  Sub- 
Sieve  Sizer  (Ref  2),  a  sedimentation 
method  based  upon  Stokes'  Law  dealing 
with  fall  in  air  (Ref  3).  and  microscopic 
examinaiion.  A  90%  range  figure  was 
used  fo/  reporting  microscopic  and  sedi¬ 
mentation  particle  size  ranges.  This 
was  done  by  cutting  5%  off  both  tails  of 
each  distribution  curve. 
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RESULTS 


DISCUSSION  OF  RESULTS 


The  particle  size  characteristics  of 
the  fine,  medium,  and  coarse  aluminum 
and  potassium  perchlorate  fractions  are 
detailed  in  Table  1  (p  8)- 

Average  values  for  the  burning  param¬ 
eters  obtained  at  sea  level  and  at  80,000 
feet  in  the  Pyrotechnics  Laboratory  high 
altitude  chamber  are  compiled  in  Table  2 
(p  9),  together  with  th  average  weight 
of  composition  loaded  into  the  Titan 
cartridges  foi  each  blend.  The  individual 
results  which  were  used  to  obtain  the 
average  values  in  Table  2  are  listed  in 
Table  3  (p  JO). 

Table  4  (p  13)  includes  tapped  density 
values  obtained  with  the  aluminum  and 
potassium  perchlorate  fractions  used  in 
this  study.  These  values  were  obtained 
using  the  Pyrotechnics  Laboratory  Tapped 
Density  Apparatus  (Ref  4).  Table  5  (p 
14)  details  the  tapped  densities  of  the 
blended  fractions  evaluated  in  this  study. 

The  variations  of  time  to  peak  light 
(Fig  1,  p  17),  peak  light  (Fig  2,  p  18), 
integral  light  (Fig  3,  p  19),  duration  of 
light  emission  (Fig  4,  p  20),  and  efficiency 
(Fig  5,  p  21)  are  plotted  versus  potassium 
perchlorate  average  particle  size,  keeping 
the  aluminum  average  particle  size  con¬ 
stant  at  5.0  microns. 

Figures  7,  8,  and  9  (pp  23,  24,  and 
25)  are  typical  time-intensity  curves 
for  the  various  mixtures  at  both  sea  level 
and  a  simulated  altitude  of  80,000  feet. 


Light  emission  varied  as  the  particle 
size  of  either  ingredient  in  the  00/40 
potassium  perchiorate/aluminum  compo¬ 
sition  was  changed.  An  increase  in  the 
particle  size  range  of  aluminum  from  0  - 
17.0  microns  (fine)  to  8.4  -  40.0  microns 
(medium)  or  24.0  -  62.0  microns  (coarse) 
caused  a  drastic  decline  in  peak  intensity, 
integral  light,  and  efficiency  at  both  s.'a 
level  and  80,000  feet,  regardless  of  which 
size  potassium  perchlorate  was  used 
(Table  2),  Mixtures  containing  medium 
or  coarse  aluminum  fractions  produced, 
at  best,  extremely  poor  light  emission, 
and  at  worst,  non-ignrtion  or  erratic 
burning. 

Total  flash  duration  declined  a  minimum 
of  50%  when  aluminum  fractions  other 
than  fine  were  used  (Table  2).  Mixtures 
containing  fine  aluminum  fractions  yielded 
longer  times  to  peak  light  under  sea  level 
conditions  (more  than  0.8  millisecond; 

Fig  1),  while  all  other  mixtures,  including 
those  containing  the  fine  aluminum 
fraction  at  80,000  feet,  gave  shorter 
times  to  peak  light  (less  than  0.8  milli¬ 
second). 

It  was  apparent  that  only  60/40 
potassium  perchlorate/aluminum  compo¬ 
sitions  containing  a  fine  (0  -  17  microns) 
aluminum  fraction  produced  sufficient 
light  for  practical  end-item  application. 
The  medium  and  coarse  aluminum  fractions 
in  combination  with  potassium  perchlorate 
did  not  produce  sufficient  light  to  be  con¬ 
sidered  for  end-item  use.  This  is  probably 


due  to  the  bursting  of  ;.he  plastic 
cartridge  case  before  sufficient  fuel 
could  be  vaporized.  The  stoichiometric 
reaction  between  potassium  p^rcb'orate 
and  aluminum  (65.8%  potassium  perchlo¬ 
rate  +34.2%  aluminum)  furnishes  suffi¬ 
cient  heat  (2538  cal/g)  to  vaporize  the 
remaining  aluminum  in  the  60/40  compo¬ 
sition  (Tables  6  and  7,  pp  15  and  16). 
However,  the  effect  of  aluminum  particle 
size  on  the  rate  of  this  vaporization  is 
not  known.  It  is  reasonable  to  assume 
that  finer  particles  will  vaporize  more 
rapidly  than  larger  particles,  and  this 
may  well  explain  why  little  light  is  pro¬ 
duced  with  medium  and  coarse  aluminum 
fractions.  The  fact  that  some  light  was 
emitted  from  these  systems  perhaps  in¬ 
dicates  that  some  of  the  finer  particles 
were  vaporized  and  reacted.  The  above 
mechanism  occurs  before  the  case  bursts. 

Luminous  efficiency  (candleseconds/ 
gram)  at  both  sea  level  and  high  altitude 
increased  as  the  particle  size  range  of  the 
potassium  perchlorate  decreased  when  the 
fine  aluminum  fraction  was  used  as  fuel. 
This  increase  in  efficiency  (1/10  max)  was 
more  pronounced  at  80,000  feet  than  at 
sea  level  (Fig  5,  p  21).  The  integral 
and  peak  light  intensities  varied  sim¬ 
ilarly  to  the  efficiencies  at  80,000  feet, 
b’.’t  an  opposite  trend  was  noted  under 
sea  level  conditions  when  the  coarse 
potassium  perchlorate- fraction  was  used 
(Figs  2,  3,  pp  18,  19)- 

No  explanation  could  be  established  for 
variation  of  flash  duration  with  potassium 
perchlorate  particle  size  at  either  high 
altitude  or  sea  level  (Fig  4,  p  20). 


Identical  average  times  to  peak  light 
were  obtained  at  80,000  feet  for  systems 
containing  the  fine  fuel  fraction  with  fine, 
medium,  and  coarse  oxidant  fractions 
(Fig  1,  p  17).  At  sea  level,  however,  ths 
identica1  systems  showed  increasing 
times  to  peak  light  with  increasing 
oxidant  size. 

The  phenomenon  that  fine /coarse  fuel/ 
oxidant  fractions  should  produce  greater 
integral  and  peak  light  intensities  and  a 
lower  overall  efficiency  at  sea  level 
than  fine/fine  or  fine/medium  fn>*l/ 
oxidant  mixtures  was  due  to  the  fact  that 
a  far  greater  weight  of  composit'on  con¬ 
taining  coarse  oxidant  could  be  loaded 
into  the  Titan  cartridge  case  than  could 
one  containing  fine  or  medium  oxidanr. 
Compositions  containing  coarse  oxidant 
were  found  to  have  a  far  greater  tapped 
density  than  compositions  containing  the 
fine  oxidant  (Table  5,  p  14).  That  the 
coarse  oxidant  fraction  should  pack  more 
densely  than  either  the  fine  or  medium 
fractions  is  an  anomaly  due  probably  to 
the  observed  phenomenon  that  bulkiness 
increases  with  decreasing  particle  size 
(Ref  5)-  This  may  be  the  result  of  the 
buildup  of  static  electrical  charges  on 
the  fine  particles,  which  would  effectively 
prevent  close  packing,  and  encourage 
agglomeration  in  small  loosely  packed 
clumps.  This  clumping  effect  can  be  seen 
with  potassium  perchlorate  and  to  a 
lesser  extent  with  aluminum  below  a 
presently  unknown  particle  size  threshold 
value  (Table  4,  p  13). 

The  time-intensity  curves  shown  in 
Figures  7,  8,  and  9  (pp  23,  24,  and  25) 


4 


were  the  most  representative  curves 
obtained  from  each  group  tested  at  both 
sea  level  and  the  80,000-foot  simulated 
altitude-  The  areas  under  each  curve 
represent  the  integral  light  emitted  by 
the  system.  No  direct  comparison  of  areas 
can  be  made,  however,  without  the  various 
calibration  factors  which  were  used  in 
the  testing.  A  direct  comparison  of  the 
burning  duration  can  be  made,  since  the 
millisecond  markers  on  the  upper  hori¬ 
zontal  axis  used  to  time  the  durations 
were  kept  constant  throughout  the  testing. 
Short  burning  durations  (lower  halves  of 
Figs  7,  8,  and  9,pp  23,  24,  and  25),  as 
indicated  by  a  prompt  re  jrn  to  the  loser 
horizontal  axis,  indicate  poor  light 
emission.  Conversely,  longer  burning 
durations  (upper  halves  of  Figs  7,  8,  and 
9)  indicate  greater  luminosity. 

CONCLUSIONS 

1.  Optimum  luminous  efficiencies  are 
obtained  at  both  sea  level  and  80,000 
feet  with  60/40  potassium  perchlorate/ 
aluminum  compositions  containing  a  fine 
(0-17  micron)  aluminum  fraction.  A  change 
to  medium  (8.4-40  micron)  or  coarse  (24- 
62  micron)  aluminum  fractions  degrades 
the  light  output  to  below  useable  levels, 
regardless  of  oxidant  particle  size. 

2.  Maintaining  the  aluminum  particle  - 
size  constant  (0- 17  micron)  and  de¬ 
creasing  the  oxidant  particle  size  pro-, 
duces  a  trend  toward  increasing  luminous 
efficiencies  at  both  sea  level  and  high 
altitude. 

3.  Because  of  a  marked  increase  in 
tapped  density  of  the  coarse  potassium 


perchlorate  fraction  (6-  85  micron),  com¬ 
positions  containing  this  fraction  in  com¬ 
bination  with  fine  aluminum  yield  maxi¬ 
mum  peak  intensity  and  integral  light 
values  at  sea  level. 

4.  It  is  concluded  that,  for  the  particle 
size  ranges  considered,  the  particle  size 
range  of  the  aluminum  fraction  is  the 
controlling  factor  in  determining  compo¬ 
sition  luminous  efficiency.  In  addition,  it 
is  apparent  that  a  fine  aluminum  fraction 
must  be  included  ii>  any  flash  system 
containing  this  fuel  in  order  to  obtain 
sufficient  light  tor  end-item  application. 

5.  Finally,  it  is  apparent  that  the 
60/40  potassium  perchlorate/aluminum 
flash  composition  can  be  specifically 
formulated  to  yield  optimum  peak  in¬ 
tensities,  time  to  peak  intensities  or 
burning  durations,  etc.,  by  means  of  a 
judicious  selectio’n  of  furl  and/or  oxidant 
particle  size  ranges.  However,  if  must 

be  realized  that  no  one  particle  size 
range  system  will  yield  across-the-board 
optimum  operational  characteristics. 

Thus,  in  order  to  optimize  any  one 
luminosity  characteristic,  it  is  generally 
necessary  to  sacrifice  performance  of 
other  characteristics. 

EXPERIMENTAL  PROC73URES 
Topped  Densities 

The  apparatus  used  for  determining 
tne  apparent  density  of  the  powdered 
materials  used  in  this  study  is  composed 
of  a  motor-driven  revolving  cam  assembly, 
an  automatic  timer,  and  a  sample  assembly 
consisting  of  a  graduated  cylinder  and  a 
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Testing 


cylinder  holder  (Ref  4).  A  clean,  dry 
graduated  cylinder  is  weighed  to  ±0.1 
gram  on  a  trip  balance.  The  graduated 
cylinder  is  filled  to  the  50  cc  level  with 
the  sample.  The  cylinder  *s  reweighed 
to  determine  the  sample  weight,  stoppered 
and  taped  to  prevent  powder  from  escaping, 
and  inserted  into  the  apparatus.  The  ap¬ 
paratus  is  turned  on  for  10  minutes  by 
means  of  an  automatic  timer.  This  causes 
the  cam  to  revolve  at  a  constant  rate  of 
about  60  revolutions  per  minute,  raising 
the  graduated  cylinder  and  simultaneously 
turnirsg  it  part  way  around  before  dropping 
it.  This  repeated  lifting  and  dropping 
jars  the  sample  and  causes  closer  pack¬ 
ing  of  the  particles.  At  the  end  of  10 
minutes,  the  timer  automatically  breaks 
the:  circuit.  The  volume  of  the  sample  in 
the  graduated  cylinder  is  recorded,  and 
the  tapped  density  is  calculated  by 
dividing  the  weight  of  sample  in  the 
cylinder  by  this  volume. 

Blending  and  Loading 

All  60/40  pciassium  perchlorate/ 
aluminum  compositions  were  blended  in 
accordance  with  Pyrotechnics  Labora¬ 
tory  Sequence  of  Operations  P.A.CU. 

No.  5  (September  1957).  The  compo¬ 
sitions  were  loaded  into  Titan  flash 
cartridges  in  accordance  with  Loading 
Branch  Sequence  of  Operations  T 1034- 
5-26.  Each  Titan  cartridge  contained 
145  mg  of  lead  azide  and  35  mg  of  lead 
styphnate  in  the  relay  charge.  No  delay 
charge  was  used.  The  relay  cup  was 
secured  to  the  cartridge  with  Duco 
cement,  while  an  epoxy  resin  was  used 
to  al  the  cover  to  the  cartridge  body 
(Fig  6,  p  22). 


The  loaded  cartridges  were  tested  in 
the  Pyrotechnics  Laboratory  high- 
altitude  tank,  which  was  evacuated  to  a 
20.8  mm  pressure,  simulating  an  altitude 
of  80,000  feet.  Each  cartridge  was  sus¬ 
pended  in  a  horizontal  position  at  the 
center  of  the  15-foot-diameter  portion  of 
the  tank  by  taping  them  to  a  /^-inch- 
diameter  vertical  steel  rod.  The  end  of 
the  cartridge  containing  the  relay  assem¬ 
bly  was  faced  away  (180  degrees)  from 
the  photocell.  The  lead  azide/iead 
styphnate  relay  charge  was  detonated 
directly  by  a  90/ 10  barium  chromate/ 
boron  squib.  This  relay  charge,  in  turn, 
initiated  the  flash  charge,  which  ruptured 
the  case,  and  emitted  light.  A  photocell- 
oscilloscope  combination  was  used  to 
pick  up  the  light. 

Material* 

The  following  materials  were  used: 

Atomized  aluminum,  spherical, 
Valley  Metallurgical  Processing  Co., 

Inc.,  particle  size  of  fractions  as  given 
in  Table  1  (p  8). 

Potassium  perchlorate,-  Specification 
PA-PD-254,  1.  M.  Sobin  Co.,  average 
*  particle  diameter,  24  microns;  particle 
size  of  fractions  as  given  in  Table  1. 

Titan  charge  case  loading  assembly, 
Drawing  CXP- 107583,  dated  5  February 
1959  (Fig  6,  p  22),  except  that  the  case 
and  cover  are  fabricated  of  cotton- 
flock-filled,  nitrile-rubber-modified 
phenolic  resin  (GE  12808). 


4. 
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’alucs  too  low  to  measure, 


Ingredient 

Aluminum 

Potassium 

Perchlorate 


TABLE  4 

Topped  density  of  aluminum  and  potassium  perchlorate  fractions 

Particle  Size 
90%  Particle  Size 


Size 

Code 

Range,  microns 
(Microscopic  Count) 

Average,  microns 
(Fisher  Sub-Sieve  Sizer) 

Tapped  Density, 
g/ee 

F 

0-17.0 

5 

1.38 

M 

&4-40.0 

14 

1.63 

C 

24.0-62.0 

39 

1.68 

F 

0-1Z0 

3 

1.00 

M 

0-23.0 

11 

1.12 

M 


TABLE  5 


60/40  potassium  perchlorate/aluminum  compositions 


Tapped  density  of 

containing 


Potassium  Perchlorote  PeMlcie  Size 


90%  Particle  Size 

Average, 

Size 

Code 

Range,  microns 
(Microscopic 
Count) 

microns 
(Fisher  Sub- 
Sieve  Sizer) 

F 

0-12.0 

3.0 

M 

0-23-0 

11.0 

C 

6.0-85.0 

24.0 

F 

0-12.0 

3.0 

M 

0-23.0 

11.0 

C 

6.0-85.0 

24.0 

Aluminum  Particle  Size 


Size 

Code 

90%  Particle  Size 
Range,  microns 
(Microscopic 
Count) 

Average, 

ml  irons 
(Fisher  Sub” 
Sieve  Sixer) 

F 

0-17.0 

5.0 

F 

0-17.0 

5.0 

F 

0-17.0 

5.0 

C 

24.0-62.0 

39.0 

M 

8.4-40.0 

14.0 

C 

24.0-62.0 

39.0 

Tapped 

Density, 

fl/ec 

0.85 

1.23 

1.56 

0.98 

1.34 

1.62 


i 


TABLE  6 


Pyrotechnics  Laboratory  tbermochfctnical  calculation  sheet 

No.  101 


ingradienta 

X 

Mot  Wr 

AH{2980K 

AF298°k 

Density 
g/ ml 

Aluminum  (s) 

34.2 

26.97 

0 

0 

2.70 

Potassium  perchlorate  (s) 

65.8 

138.55 

103.6 

72.7 

2.524 

Product* 

A1,0,  (s) 

-  64.6 

101.94 

400.2 

378.0 

4.00 

KC1  (s) 

35.4 

74.56 

104.2 

97.7 

1.99 

Reaction:  8  A1  +  3  KC10,  -  4  A1,0,  +  3  KC1 
Stoich:  8  (27)  +  3  (138.6)-  4  (101.94)  +  3  (74.5 6) 

A  Hr  8  (0)  +  3  (103.6)  -  4  (400.2)  +  3  (104.2) 

AHp  8  (0)  +  3  (72.7)  -  4  (378.0)  +  3  (97.7) 

Reactants,  wt,  g  631.8  Theoretical  density,  g/ml  (calc)  2.57 

All,,  Kcal,  (calc)  1602.6-  AHt,  cal/g  (calc)  2538.0  AHr,  cal/ml  (calc)  6515 

< 

AF  ,  Kcal,  (calc)  1587.0  AF,(  cal/g  (calc)  2507.0  AF,,  cal/ml  (calc)  6443 
Adiabatic  temperature,  °K  (calc)  3800  Gas  volume  at  298?K,  liters  0 

Equivalents: 

1  g  AS  «  1.926  j  KC1Q,,  *  7410  c?.l/g 
1  g  KCIO,  0.520  g  A1  =  3852  cal/g 

Theoretical  maximum  composition  %  A1  =  55-5%  KCIO*  *»  44.5/5 


Ref:  JANAF  interim  Hiecmochemical  T.able 
Dow  Chemical  Co.,  Midland,  Michigan 


Computed:  G.  Weingarten 
Checked:  S.  M.  Kaye 
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TABLE  7 


L«b«ratoty  **~A«**  ‘W 


Ho.  100 


%  Moi  Wt  Mol*  AH 

40  26.97  .0148 

60  138.55  -0043 


58.1  101.94  .0057 

32.0  74.56  .0043 

9.2  26.98  -0034 


Density 

l,298°K 

^F298°K 

g/ml 

o 

0 

2.70 

103.6 

72.7 

2.524 

400.2 

104.2 

0 

378.0 

97.7 

0 

4.00 

1.99 

2.70 

Aluminum  (s) 

Potasssun  perchlorate  (s) 

Produces 

A!,0,  (*) 

KC1  (*) 

A1  (s) 

■W,«  .0148  «  •  ■«»«  KOO.  -  .0057  M.O.  *  -00«  W -  ««“ 

Stokh;  COM  (77)  .  -00«  (158.55)-  .0057  (101.04,  *  .0045  (74.50,  -0054  (77, 

4H  .0148  (0)  *  .0045  (105*6, .  -0057  (400.7)  *  .0045  (104.7,  *  .0054  (0) 
ft 

.  nn  Theoretical  density,  g/ml  (calc)  2.624 

Reactants,  wt,  g,  1.  AH  ,  cal/ml  (calc)  6000 

AH(,  Real  (calc)  2.2837  AH,,  cal/g  (calc)  2284 

_ _ lifers  0 


Equivalents; 

J.  g  Al  -  1.5  gKClO,- 5710  cal 

1  6  KCIO,  ■  0-667  g  A1  *  >810  cal 


Ref-  JANAF  Interim  Thermochemical  Table 
'  Dow  Chemical  Co..  Midland,  Mich.gan 


Computed;  G.  U'eingarten 

Checked:  S.  M.  Kaye 
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Fig  1  Effect  of  particle  size  of  potassium  perchlorate  on  time  to  peak  light  of  60/40  potassium  perchlorate/ aluminum 
compositions  (average  aluminum  particle  size:  5.0  microns) 


•pv«>„.|ruu  fC1  x 


compositions  (average  aluminum  panicle  size:  5.0  microns) 


C98Z0I-<J: 


Medium  potassium  psrchloroto  (tt-23  microns)/ medium  olumtnum  (8*40  microns) 
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